ABSTRACT: Because of their huge biodiversity and metabolic capabilities, the application of microorganisms as bioremediation agents is a way to enhance pollutant degradation. The aim of this research was to investigate the potential of five strains of Pseudomonas sp. as possible bioremediation agents. Strains are from the Collection of the Microbiology Department, Faculty of Agriculture, Novi Sad. Bacterial strains were cultivated in King's B liquid medium and incubated in shaker at 28 0 C. Starter culture was obtained after 24h, CFU 10 8 . This 24h old bacterial culture was used for the analysis of influence of five different natural naphthenic acids. Bacterial growth was determined spectrophotometrically through optical density, after 24h and 48h of growth. Our results showed that two bacterial strains (PS V1 and PS2) had better growth after 48h as they used C from the petroleum derivates. The growth of these strains was increased by 72% and 25% with derivates concentration of 10 -5 mol/cm 3 and 10 -6 mol/cm 3 , respectively. The results of this research showed the potential of certain bacterial strains as bioremediators.
INTRODUCTION
With the increase of industrialization, environmental problems such as soil and groundwater contamination have become global issues [Ward et al., 2003; Albers 2007] . Most components of crude oil are toxic to humans and wildlife in general, as they easily incorporate into the food chain. This fact has increased scientific interest in examining the distribution, fate and behavior of crude oil and its derivates in the environment [Stroud et al., 2009] . Oil spills in the environment cause long-term damage to aquatic and soil ecosystems, human health and natural resources. Contamination of soil with crude oil and its derivates are causing numerous problems and hazards. These soils need to be remediated before any further use.
Bioremediation can be briefly defined as the use of biological agents, such as bacteria, fungi, or green plants (phytoremediation), to remove or neutralize hazardous substances in polluted soil or water. According to Diaz [2008] , a way to enhance pollutant degradation is the application of microorganisms as bioremediation agents, because of their huge biodiversity and metabolic capabilities. Many different enzymes and metabolic pathways are required to degrade components of crude oil [Nilanjana et al., 2011] . Different species of microorganisms including bacteria, yeasts and fungi obtain both energy and tissue-building material from petroleum. The dominant genera of microorganisms that utilize petroleum hydrocarbons are: Nocardia, Pseu domonas, Acinetobacter, Flavobacterium, Micrococcus, Arthrobacter, Corynebacterium, Achromobacter, Rhodococcus, Alcaligenes, Mycobacteri um, Bacillus, Rhodotorulla, Candida, Sporobolomyces, Aureobasidium, Fusarium, Aspergillus, Mucor, Penicillium, Trichoderma and Phanerochaete [Cerniglia and Sutherland 2001; Kuhad and Gupta 2009] . It is well known that Pseudomonas is among the bacteria with high remediation potential of different types of hydrocarbons [Hong et al., 2005] .
Although there are a number of publications on positive effects of bioremediation, this technique, in some cases, has proved to be unsuccessful [Thompson 2005; Fantroussi and Agathos 2005] . The research indicates that shortly after the application of exogenous microorganisms, the number of these bacteria significantly reduces. Reasons for this can be numerous: competition between added and naturally occurring microorganisms, antagonism or predation (protozoa, bacteriophages), fluctuations in temperature, content of water, pH and availability of the contaminant and nutrient substances. So, it is more practical to use microorganisms isolated from the soil that needs to be decontaminated [Horakova and Nemec 2000] . This technique seems to be more effective because the indigenous bacteria are likely to be better adapted to the soil [Rahman et al., 2003] .
Because of the importance of bioremediation of oil-polluted soils, the aim of this research was to investigate the potential of five strains of Pseu domonas sp. as possible bioremediation agents. ; K 2 HPO 4 1.5 g l -1
MATERIALS AND METHODS

Strains of
; glycerol 10 ml; pH 7). Incubation of the bacterial strains was carried out on a rotary shaker-incubator (BIOSAN ES 20/60), RPM 120, at 28 o C. Starter cultures were obtained after 24h (10 8 CFU/ml). To determine the impact of petroleum products, the 24h old cultures of tested strains were used. 450 µl of petroleum derivates was added to each bacterial strain. Control was a pure bacterial culture. The following petroleum products were used as tretmants: ). The growth of the bacterial strains was determined as optical density by a spectrophotometer (Unic SP600) at OD600 after 24 h and 48 h.
RESULTS AND DISCUSSION
In this research, petroleum derivatives influenced the number of tested strains.
Treatments had inhibitory effect on the number of most strains after 24 hours (Table 1) . On average, strains Q16 and PS2 were the most sensitive to the influence of petroleum products. Decrease in the number of bacteria was recorded in all variants after 24h. On the other hand, application of treatments 3, 5 and 9 had a positive effect on the increase in the number of three bacterial strains: PS D1 (4.5%), PS V1 (5.43%) and PS4 (12.2%). After 48 hours, the use of treatments had a good effect on the bacterial number in PS V1, PS D1 and PS2 strains, concerning the fact that they use C from the petroleum derivates (Table 1) .
Application of treatments 5, 7 and 9 mostly affected the number of PS V1 (72%), while the application of treatments 4, 6, 7 and 8 led to the increase in the number of strain PS2 for 25% compared to the control. Also, the number of PS D1 in variants with treatments 2, 3, 4, 6 and 10 was higher than in the control. The results suggest that these three strains use the petroleum derivates as a source of energy, carbon or nitrogen, emphasising their potential to degrade petroleum products. Emtiazi et al. [2005] in a study assessed the utilization of petroleum hydrocarbons by Pseudomonas sp. They monitored the change of bacterial growth turbidity (OD600nm) for nine days of incubation in liquid media. Pseudomonas sp. was able to use different hydrocarbons as sources of carbon and energy. Utilization of petroleum hydrocarbons by P. fluorescens isolated from a petroleum contaminated soil was reported by Bharathi and Vasudevan [2001] . Leahy and Colwell [1990] have reported biodegradation of petroleum oil by Achromobacter, Arthrobacter, Acinetobacter, Alcaligenes, Bacillus, Flavo bacterium, Nocardia, Pseudomonas and Rhodococcus. Furthermore, studies of Nasrollahzadeh et al. [2007] , Shafiee et al. [2006] , and Mesdaghinia et al. [2005] reported biodegradation of phenanthrene by isolated bacteria. Isolation of 12 different bacterial species from polluted marine sites was reported by Kayode-Isola et al. [2008] . They found that Alcaligenes paradoxus, Aeromonas sp, Bacillus licheniformis and Pseudomonas fluorescens were efficient in biodegradation of diesel oil. Ting et al. [2009] in an experiment using Pseudomonas lundensis UTAR FPE2 found that utilization of paraffin and mineral oil is easier in comparison to naphthalene.
According to the results of this study, it can be concluded that Pseudo monas strains denoted as PS V1, PS2 and PS D1 showed the potential for bioremediation. . Ове културе коришћене су за анализу утицаја пет различитих природних нафтенских киселина. Раст бактеријских култура праћен је спектрофотометријски мерењем оптичке густине после 24 и 48 часова. Два соја (PS V1 и PS2) имала су бољи раст после 48 часова указујући на чињеницу да користе угљеник (C) из нафтних де-ривата. Раст ових сојева био је повећан за 72% и 25% при конц. 10 -5 mol/cm 3 од-носно 10 -6 mol/cm 3 деривата. Резултати ових истраживања указују на могућност коришћења одређених бактеријских сојева у својству биоремедијатора.
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